Abstract. In laboratory experiments with the coccolithophore species Emiliania huxleyi and Gephyrocapsa oceanica, the ratio of particulate inorganic carbon (PIC) to particulate organic carbon (POC) production decreased with increasing COe concentration ([CO2]). This was due to both reduced PIC and enhanced POC production at elevated [CO2]. Carbon dioxide concentrations covered a range from a preindustrial level to a value predicted for 2100 according to a "business as usual" anthropogenic CO2 emission scenario. The laboratory results were used to employ a model in which the immediate effect of a decrease in global marine calcification relative to POC production on the potential capacity for oceanic CO2 uptake was simulated. Assuming that overall marine biogenic calcification shows a similar response as obtained for E. huxleyi or G. oceanica in the present study, the model reveals a negative feedback on increasing atmospheric CO2 concentrations owing to a decrease in the PIC/POC ratio.
Introduction
The ocean plays a major role in the global carbon cycle, representing the largest reservoir of carbon that is exchanged with the atmosphere in the form of CO2 on timescales < 1000 years. The uptake of atmospheric CO2 by the oceans is driven by physicochemical processes as well as biological fixation of inorganic carbon species. The biogenic production of organic material and carbonate minerals in the surface ocean and their subsequent transport to depth, termed the "biological carbon pumps" [Volk and Hoffert, 1985 From the middle of the 18th century, the atmospheric partial pressure of CO2 has increased steadily from 280 to 366 patm in the year 1998 [Keeling and Whorl, 1999] . This rise in atmospheric CO2 concentration has led to changes in the surface ocean chemistry [Brewer, 1978 [Brewer, , 1997 Chen and Millero, 1979] 
where minor contributions to the TA from seawater constituents such as phosphate and silicate have been neglected. Third, sinking of coccolithophore-derived particulate material may become reduced when coccolithophore cells are less calcified [Fritz and Balch, 1996; Lecourt et al., 1996] or when the composition of faecal pellets changes owing to changes in the phytoplankton species composition or abundance [Harris, 1994; Holligan et al., 1993] . A decrease in calcification could actually reduce sinking rate of E. huxleyi cells [Fritz and Balch, 1996; Lecourt et al., 1996] , and thus CO• uptake in the surface water, due to a decrease of organic carbon export to depth. However, we find an increase in POC production at elevated [CO•], which could also affect particle sinking rate. Thus it remains speculative what the ultimate effect of a decrease in the PIC/POC ratio on particle sinking rate will be. Since this topic is beyond the scope of the present study we will not discuss this in further detail here.
Finally, the optical properties in the surface ocean may be altered due to decreasing calcification or coccolithophore abundance in regions were coccolithophore blooms occur [Balch et al., 1991] . Tyrrell et al. [1999] modeled the optical impacts of coccolithophore blooms and demonstrated an increase in the reflectance of light due to the abundance of coccoliths, a stronger stratification and a decrease in total water column productivity due to intense shading and stratification in these areas. All potential changes mentioned above could alter ecosystem structure and regulation ever large areas of the ocean, although the response of a complex, multiple species ecosystem, where each species reacts in its own particular way remains extremely difficult to predict [Kheshgi et al., 1991; Westbroek et al., 1994 ].
In summary, what the response of marine biogeochemistry on increasing atmospheric CO• concentrations will be with respect to CO• partitioning between ocean and atmosphere remains speculative. Our model shows a complete reversal of the expected positive feedback on atmospheric CO2 increase when CaCO3 production remains constant, turning into a negative feedback when calcification rates decrease with increasing CO2. The effect is small compared to the annual anthropogenic CO2 emissions. However, further investigation is needed on potential secondary effects on the ocean-atmosphere CO• exchange. If the observed CO•-related responses in calcification and POC production of coccolithophores are a general phenomenon, changes in ecosystem structure and functioning can be expected with increasing atmospheric CO• concentration.
